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1. Introduction

In RAN1#95 meeting [1], we made following agreements related to physical layer procedures for NR unlicensed (NR-U) operation.

	Agreement:
For SSB transmissions as part of DRS:

· It is considered beneficial to expand the maximum number of candidate SSB positions within DRS transmission window to [Y], for e.g., Y = [64] 

· FFS: How to derive frame timing from detected SS/PBCH block 

· Transmitted SSBs do not overlap

· FFS: Shift granularity between candidate SSBs positions/candidate groups of SSBs 

· Maximum number of transmitted SSBs is [X] within DRS transmission window. X <= 8

· FFS: Duration of DRS transmission window

· FFS: Duration of the transmitted DRS within the window, including SSBs and other multiplexed signals/channels

· FFS: relationship between transmitted SSB index and QCL assumption at UE

· FFS: If and how to support beam repetition for soft combining of SSBs within the same DRS transmission
Agreement:
Following options have been identified for potential RACH resource enhancements in NR-U beyond the flexibility already available in Rel-15:

1. Frequency-domain enhancement

a. Multiple PRACH resources across multiple LBT sub-bands/carriers for both contention-free and contention-based RA

2. Time-domain enhancements

a. For connected mode UE, scheduling of PRACH resources via DCI. 

i. Triggered PRACH within TXOP can use a new resource

b. For idle mode UE, scheduling of PRACH resources via paging

i. Note: potential inefficiency in network resource due to paging across multiple cells

c. Additional, new RACH resources are used immediately following detection of DRS transmission

d. Multiple PRACH transmissions before Msg2 reception in RAR window for initial access

i. Number of allowed transmissions is pre-defined or indicated, e.g., in RMSI

ii. FFS: How to handle potential multiple RARs to same UE

e. Group wise SSB-to-RO mapping by frequency first-time second manner, where grouping is in time domain

Agreement:
· It is considered beneficial to configure DMTC(s) (DRS Measurement Time Configuration) in which UEs can perform measurements. 

· DRS-based RRM measurements are performed inside the DMTC(s)

· FFS: Similarity with Rel-15 SMTC

· CSI-RS-based measurements may be performed outside the DMTC(s)

· DRS-based RLM for unlicensed SpCell is performed inside the DMTC(s)

· RLM DMTC may coincide with DRS transmission window

· CSI-RS-based RLM may be performed outside of DMTC(s)

· FFS: Explicit indication is provided by gNB to indicate whether or not DRS and/or CSI-RS transmissions occurred
· FFS: If DMTCs for RRM measurements and RLM are the same or can be different


In this contribution, we discuss potential physical layer procedures for NR-U operation, especially for NR-U DRS transmission, broadcast data transmission, RACH procedure, RRM measurement, and mobility support.
2. NR-U DRS
In RAN1#94 meeting, it was agreed that the transmission of SS/PBCH burst set and RMSI (and potentially OSI and paging) within one contiguous burst has various benefits and the burst is called as NR-U DRS. Therefore, in this section, we discuss functionalities to be considered for NR-U DRS, NR-U DRS transmission considering channel access procedure (CAP), and synchronization raster.
2.1. NR-U DRS functionalities
Considering NR-U supports stand-alone operation in addition to licensed-assisted access, all or part of following functionalities can be required for NR-U DRS.
· Cell acquisition

· RRM measurement

· RLM

· Coarse (or fine) time/frequency synchronization

· System information (SI) transmission

· Paging

It should be noted that depending on the functionality for NR-U DRS, following aspects can be differently considered.
· Periodicity

· Which signal/channel is multiplexed within NR-U DRS
· Whether deferred NR-U DRS transmission is supported or not
For instance, the periodicity (e.g., 40/80/160 msec) required for NR-U DRS to be used for RRM measurement can be longer than that (e.g., 20 msec) required for NR-U DRS having the functionality of cell acquisition or RLM. For another instance, if NR-U DRS for fine time/frequency synchronization can be transmitted every 5 msec, it may not be multiplexed with RMSI while NR-U DRS for cell acquisition can contain RMSI within a transmission burst.
Observation#1: Based on which functionality (e.g., cell acquisition, RRM measurement, RLM, time/frequency synchronization, SI transmission, paging) is facilitated by NR-U DRS, following design aspects need to be differently considered.
· Periodicity for NR-U DRS
· Which signal/channel is multiplexed with NR-U DRS
· Whether deferred transmission for NR-U DRS is supported or not

2.2. SS/PBCH block

In NR, one SS/PBCH block is composed of consecutive 4 symbols in time domain and 12 or 20 PRBs in frequency domain. In order to adopt fast channel access (e.g., one-shot LBT) for SS/PBCH block transmission, we need to aim at minimizing the time duration for SS/PBCH burst set transmission. In LAA, the duration for DRS only transmission is restricted up to 1 msec and 25 usec one-shot LBT is allowed. However, in NR, since the allowed maximum number of SS/PBCH blocks is defined as 8 for the frequency range from 3 GHz to 6 GHz, the time span of a SS/PBCH block burst set can be up to 4 msec or 2 msec for 15 kHz or 30 kHz SCS, respectively, if all SS/PBCH blocks are consecutively transmitted. Therefore, it can be considered to reduce the allowed maximum number of SS/PBCH blocks to 2 or 4 for 15 kHz or 30 kHz SCS, respectively, which enables the maximum time span for a SS/PBCH burst set to be equal to or less than 1 msec. Furthermore, the smaller the number of transmitted SS/PBCH blocks is, the more opportunity can be provided for deferred SS/PBCH block transmission due to LBT failure within a window with limited length (e.g., 6 msec window for DRS transmission window).

Proposal #1: Reducing the allowed maximum number (e.g., 2 for 15 kHz SCS and 4 for 30 kHz SCS) of SS/PBCH blocks in NR-U DRS has the benefit for facilitating fast channel access procedure (e.g., one-shot LBT) for NR-U DRS transmission.

2.3. NR-U DRS transmission with channel access procedure (CAP)
In this section, we discuss how to transmit NR-U DRS depending on the outcome of CAP. At least for NR-U DRS for the purpose of cell acquisition, RRM measurement, and RLM, deferred NR-U DRS transmission within a window should be supported. In LAA, discovery signal (including PSS/SSS/CRS) is composed of 12 symbols and in case of CAP failure, discovery signal transmission is postponed to the next subframe(s) within DMTC window. Similarly, in NR-U, NR-U DRS transmission can be delayed to the next occasion(s). Note that following options and corresponding descriptions are for SS/PBCH block (SSB) transmission but they can be also applicable to NR-U DRS associated with SSB. In detail, we enumerate two options for efficient transmission of SSB burst set.
· Option 1: Floating SSB

· SSBs are transmitted in turn from one of occasions with T1 periodicity.
· Option 2: Cyclically rotated SSB

· The location for each SSB is predefined with cyclically rotated manner and the periodicity (denoted as T2) between the same SSBs is fixed within DRS transmission window.
· CAP-failed SSB transmission is skipped and SSB transmission starts from the instance of CAP success.
We depict some examples for each option with respect to T1 or T2 (i.e., Figures 1 and 2 for Option 1 and Figures 3 and 4 for Option 2). In each figure, it is assumed that DRS transmission window is 6 slots, the maximum number of candidate SSB positions (i.e., Y) is 12, the maximum number of SSBs allowed for NR-U is 4, and the number of actually transmitted SSBs is 3. Also, SSBs with the same index implies that those have the same beam direction (or, those are applied with the same pre-coding matrix).

Figures 1 and 2 show examples for Option 1. The candidates for starting position of SSB burst set transmission have the interval of T1. We can observe that if T1 is shorter than the time needed for a SSB burst set transmission (i.e., in Figure 2), the transmission candidates for different SSBs can be overlapped and UE needs to differentiate those SSBs.
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Figure 1. Examples of Option 1 with T1=2 slots
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Figure 2. Examples of Option 1 with T1=1 slot
Figures 3 and 4 show examples for Option 2. The pattern for SSB transmission is predetermined with a periodicity of T2 between the same SSBs, regardless of the instance of CAP success. Compared to Option 1, gNB can perform CAP more frequently and starting SSB index can be different depending on SSB transmission starting position. T2 interval can correspond to the time duration needed for the maximum number of SSBs (as shown in Figure 3) or that needed for the number of actually transmitted SSBs (as shown in Figure 4).
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Figure 3. Examples of Option 2 with T2=2 slots
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Figure 4. Examples of Option 2 with T2=1.5 slots
Proposal #2: Consider the following options for SS/PBCH transmissions as part of DRS.

· Option 1: Floating SSB
·   SSBs are transmitted in turn from one of occasions with T1 periodicity.
· Option 2: Cyclically rotated SSB

·  The location for each SSB is predefined with cyclically rotated manner and the periodicity (denoted as T2) between the same SSBs is fixed within DRS transmission window.
·  CAP-failed SSB transmission is skipped and SSB transmission starts from the instance of CAP success.

As for suggested above two options, we need further discussion or comparison with various aspects such as how UE can determine the timing and QCL assumptions from the detected SSB. Firstly, from the perspective of neighbour cell measurement, it should be investigated how UE can identify SSB index transmitted from neighbour cell. In this case, it would be desirable to determine relationship between SSBs detected across DRS transmission windows without PBCH decoding, considering UE implementation complexity. Secondly, from the perspective of cell acquisition, further discussion on how UE can acquire frame index/boundary or slot index/boundary (e.g., by using PBCH DM-RS, PBCH contents) is essential. In detail, there can be the following two options on how to derive frame timing from detected SS/PBCH block.
· Alt. 1: UE derives SSB timing within a radio frame only from PBCH DM-RS sequence index.

· Alt. 2: UE derives SSB timing within a radio frame from the combination of PBCH DM-RS sequence index and MIB.
For Alt. 1, since MIB has the same information within DRS transmission window, UE can perform PBCH combining across DRS transmission windows. However, from the perspective of neighbour cell measurement, Alt. 1 makes UE complicated because UE has quite a lot blind detection candidates for PBCH DM-RS sequences. For Alt. 2, one-shot PBCH decoding should be assumed since MIB may have different information even within DRS transmission window. Also, Alt. 2 would require decoding of PBCH from neighbour cell.

Additionally, in terms of QCL information between SSBs, in Alt. 1, QCL information can be obtained by modulo operation of PBCH DM-RS sequence index, on the other hand, in Alt. 2, it can be obtained directly from PBCH DM-RS sequence index. For instance of Alt. 1, if each of 12 SSB occasions corresponds to different PBCH DM-RS sequences in Figure 3, UE can recognize slot index within DRS transmission window based on PBCH DM-RS sequence. In this case, PBCH DM-RS in SSB occasions assigned with the same index are QCL-ed, e.g., PBCH DM-RS in 1st, 5th, 9th SSB occasions are QCLed or transmitted with the same beam.
Proposal #3: Consider the following two options on how to derive frame timing from detected SS/PBCH block.

· Alt. 1: UE derives SS/PBCH timing within a radio frame only from PBCH DM-RS sequence index.

· Alt. 2: UE derives SS/PBCH timing within a radio frame from the combination of PBCH DM-RS sequence index and MIB.
2.4. Synchronization raster

The synchronization raster indicates the frequency positions of the SS/PBCH block that can be used by the UE for system acquisition. The following approaches can be considered for unlicensed band.
· Approach 1: As in Rel-15 NR (i.e., synchronization raster with the interval of 1.44 MHz, [2])

· Approach 2: Sparser than synchronization raster in Rel-15 NR (e.g., synchronization raster with the interval of 2.88 MHz)

· Approach 3: As in Rel-13 LTE LAA (i.e., Wi-Fi center frequency + {0, ±100, ±200} kHz, [3])
In addition, it can be taken into account how to indicate CORESET#0 BW and no RMSI, considering that initial active DL BWP was agreed to be aligned with Wi-Fi channelization.
Proposal #4: Consider the following approaches for synchronization raster on unlicensed band.

· Approach 1: As in Rel-15 NR

· Approach 2: Sparser than synchronization raster in Rel-15 NR

· Approach 3: As in Rel-13 LTE LAA

3. Broadcast data transmission
In order to support efficient and reliable paging message transmission, following enhancements can be considered.
· More PDCCH monitoring occasions within a paging occasion are provided due to reduced transmission opportunities for paging due to LBT failure
· Compacted paging transmission in time domain by concatenating/multiplexing paging messages corresponding to multiple paging groups
· Multiplexing paging message and NR-U DRS to enhance the reliability of paging message reception
In addition, if paging messages for multiple paging groups are concatenated to follow NR-U DRS, it can be considered to shuffle the order of multiplexing multiple paging groups per paging occasion for fair reception performance and fair channel access chance for each group. In this case, it can be also considered that actual PDCCH monitoring occasions can be delayed if multiplexed NR-U DRS transmission is deferred.
Proposal #5: Consider the following enhancements for paging message transmission.

· More PDCCH monitoring occasions within a paging occasion are provided due to reduced transmission opportunities for paging due to LBT failure

· Compacted paging transmission in time domain by concatenating/multiplexing paging messages corresponding to multiple groups

· Multiplexing paging message and NR-U DRS to enhance the reliability of paging message reception

4. Random access procedure

Basically, it would be desirable for random access in NR-U to provide multiple TX opportunities for each of message transmission (e.g. PRACH, RAR, Msg3, Msg4) within a time window (or over multiple CCs/BWPs) as shown in Figure 5, since channel occupation at a pre-defined slot cannot be guaranteed on unlicensed band. Especially, delayed transmission of PRACH preamble within a given slot (or RACH occasion) and/or over multiple RACH occasions can be allowed due to CAP failure, and the corresponding TA command can be interpreted at UE considering the delayed time. Furthermore, timing gap for CAP between RACH occasions can be provided/defined to avoid potential collision between intra-cell UEs. Based on the above observations, we discuss on 1) PRACH preamble format, 2) RACH occasion mapping, and 3) RACH occasion selection for NR-U with CAP operation.
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Figure 5. Example of random access procedure in NR unlicensed band

■ PRACH preamble format

Regarding PRACH preamble format for NR-U, in order to ensure the time slot used for LBT operation at UE side, it may be required to insert CCA gap between adjacent RACH occasions (ROs) in time domain where FFS on the duration of CCA gap for PRACH transmission (e.g. X usec or Y symbol). In addition, to avoid inter-UE LBT blocking due to the propagation delay of PRACH (transmitted in an earlier RO), it may be required to add GP (Guard Period) after the preamble part where length of the GP may need to be the same with CP length considering the channel delay spread. For example, (as shown in Figure 6) the NR-U PRACH format could be formed as {CCA gap + CP + preamble part + GP} or {CP + preamble part + GP + CCA gap}, where FFS on time domain alignment of the PRACH format (e.g. with symbol level or with half-symbol level). 

Proposal #6: Consider the followings for PRACH preamble format in NR-U.

· Insertion of CCA gap between adjacent RACH occasions (ROs) in time domain 

·  FFS on duration of the CCA gap (e.g. X usec or Y symbol)

· Addition of GP (Guard Period) after preamble part in PRACH format 

·  Length of the GP is the same with CP length
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Figure 6. Example of PRACH preamble format for NR-U (with TDM allocation)
■ RACH occasion mapping

Regarding SSB-to-RO mapping for NR-U, to provide multiple TX opportunities in time domain for a PRACH transmission (on top of ensuring TDM arrangement of the ROs associated with multiple different SSBs), RO group-wise mapping could be considered for the SSB-to-RO mapping. Specifically, a RO group could consist of multiple (N) consecutive ROs in time domain where FFS on the value of N (e.g. predefined or configurable), and by using this RO group as the minimum mapping unit, the SSB-to-RO mapping could be done by frequency first-time second manner (as shown in Figure 7) as defined in current NR. Besides, in order to provide time domain (T-domain) RO opportunities evenly across multiple different SSBs, it may be needed to consider an interleaved SSB order based RO mapping across certain time period (e.g. RACH association period). 

Proposal #7: Consider the followings for SSB-to-RO mapping in NR-U.

· RO group wise SSB-to-RO mapping by frequency first-time second manner

·  A RO group consists of multiple (N) consecutive ROs in time

·  FFS on the value of N (e.g. predefined or configurable)

· Interleaved SSB based RO mapping across certain time (e.g. RACH association) period
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Figure 7. Example of SSB-to-RO mapping for NR-U (N = 4, 4 F-domain RBGs, 8 ROs per SSB)
■ RACH occasion selection

Regarding RO selection for PRACH transmission in NR-U, firstly among multiple different SSBs, it may need to select the SSB(s) providing larger RSRP than certain RSRP threshold, and then the LBT operation would be performed by UE for the ROs corresponding to the selected SSB(s). Here, in case when the LBT result on the ROs is decided as idle for multiple SSBs, the RO corresponding to one of the multiple SSBs is selected, and then PRACH transmission is performed by UE through the selected RO where FFS on how to select the RO for PRACH transmission (e.g. having the lowest energy level detected by LBT). Secondly, among multiple T-domain ROs associated with a (selected) same SSB, it may need to consider to randomly select RO per each of certain time period in case of LBT failure, in order for UE load distribution between ROs (by avoiding UE concentration/congestion to a particular RO), where FFS on the period for RO selection (e.g. RACH slot or association period). 
Proposal #8: Consider the followings for RO (its associated SSB) selection in NR-U.

· Among multiple different SSBs:

·  RO selection for LBT operation based on the RSRP value (of SSB) 

·  RO selection for PRACH transmission based on the LBT result (on RO)

· Among multiple T-domain ROs associated with a (selected) same SSB:

·  Random selection of RO per certain time period (in case of LBT failure)

·  FFS on the period for the RO selection (e.g. RACH slot or association period)

■ F-domain RACH enhancement 

As agreed in RAN1#94bis, RACH procedure over multiple LBT sub-bands (SBs) or carriers (CCs) can be considered as potential RACH enhancement to provide more TX opportunities in frequency domain. More specifically, by pre-configuring PRACH resources on each of multiple candidate LBT-SBs (or CCs) via SIB, UE can select one of the LBT-SBs for PRACH transmission based on LBT result. In this case, if LBT result is idle for more than one LBT-SBs, UE may need to decide one among the idle SBs for PRACH transmission based on certain rule (e.g. lowest energy level or lowest SB index). Moreover, for this approach, it may be necessary to consider different BW capability between the UEs and/or RAR transmission corresponding to the PRACH. Similarly, Msg3 transmission based on multiple LBT-SBs (configured via SIB or RAR) can also be considered as potential F-domain enhancement for NR-U RACH. 
■ T-domain RACH enhancement 

As agreed in RAN1#94bis, on top of the PRACH resources pre-configured via SIB, dynamic scheduling of additional PRACH resources via DCI (e.g. for connected more UEs) and/or paging PDSCH (e.g. for idle or inactive mode UEs) can be considered as potential RACH enhancement to provide more TX opportunities in time domain. More specifically, by configuring candidate PRACH resources/timings in advance (via RRC signalling), actual PRACH occasions can be indicated/activated by UE-specific/common DCI or via paging PDSCH. Similarly, multiple candidate (T-domain) resources can be indicated for single Msg3 transmission via SIB or RAR. Besides, additional PRACH resources (or RACH slots) can be assigned immediately after DRS transmission/occasion within the COT acquired by gNB, and UE may be able to transmit PRACH without LBT by recognizing the COT shared with gNB. 
5. Measurement and mobility support

· RRM measurement

· SSB-based RRM measurement & SSB transmission in DMTC for RRM

In last meeting, it was agreed that NR-U DRS could be used for SSB-based RRM measurement with DMTC configuration. Based on the agreement, DMTC window for RRM (corresponding to SMTC window in licensed band) would be configured to contain sub-set of NR-U DRSs including candidate SSB positions within DRS transmission window. It means that LBT operation is applied to the DRSs for RRM measurement within DRS transmission window and DRS for RRM measurement is not guaranteed to be transmitted at fixed position. In this scenario, UE should try to detect beam index of the detected SSBs in order to support per-beam measurement report, which might make UE complexity very high due to blind detection of SSB index. Therefore, we need to take UE complexity into consideration when determining how to indicate beam index of SSBs within DMTC.

Proposal #9: How to indicate beam index of SSBs within DMTC should be determined considering UE complexity for RRM measurement. 

· DMTC for RRM and RLM

In NR-U system, RRM measurement would be defined for supporting mobility (handover for PCell and serving cell addition/configuration for SCell). For mobility in unlicensed band, mobile terminal will usually move at a low speed and frequent RRM measurement might result in redundant operation in UE side. In addition, when antenna configuration of UE supports multiple receiving beam, beam sweeping operation might be required for RRM measurement and UE could not receive control/data channel during DMTC window for RRM measurement. Therefore, it seems desirable that DMTC window for neighbour cell (RRM) measurement is configured to be a subset of DRS transmission window (DMTC periodicity for RRM is multiple of the periodicity of DRS transmission window), which is similar to SMTC window in licensed band. 

On the other hand, serving cell measurement (e.g. Initial time and frequency tracking, Beam management, Radio link monitoring) is related to channel quality management of serving cell, and it is preferred that all DRSs could be used as candidate RS for serving cell measurement. Therefore, it is not needed to configure additional DMTC window for serving cell measurement including RLM, and DMTC window for RLM coincides DRS transmission window.

Proposal #10: DMTC for neighbour cell (RRM) measurement is configured to contain a subset of DRS transmission window, and no additional configuration of DMTC is provided for RLM (i.e., DMTC for RLM is same with DRS transmission window)

· CSI-RS transmission for RRM

In addition to SSB, CSI-RS could be also configured as reference signal for neighbour cell measurement in fine beam-level in NR system. However, since transmission of reference signal could be deferred or dropped by LBT (for periodic transmission like SSB within DMTC transmission window), UE needs to blindly detect the deferred transmission and measure quality of CSI-RS in actual transmission position, which leads to very large UE complexity. (CSI-RS doesn’t have synchronization property unlike SS/PBCH block.) In order to mitigate the UE complexity, we need to study transmission rule of CSI-RS for RRM measurement. (e.g. CSI-RS for RRM measurement is transmitted together with SSB in NR-U DRS. Configuration of the resource set (multiple time resources) for the deferred transmission of CSI-RS for RRM)

Proposal #11: Consider UE complexity as well as periodic transmission property when designing resource configuration of RRM CSI-RS in NR-U. (e.g. CSI-RS for RRM measurement is transmitted together with SSB in NR-U DRS. Configuration of the resource set (multiple time resources) for the deferred transmission of CSI-RS for RRM)

· RSSI measurement 

Even if it was agreed that RSSI report could be introduced for NR-U operation, we need to study a lot about RSSI because NR system could be deployed with various configurations and RSSI report could be used for various purposes. For example, following topics could be discussed reflecting measurement objective.

· Time resources used for accurate measurement of traffic load: e.g. if traffic load from other system is measured, it seems better that DRS transmission duration is configured in measurement resource

· Measurement bandwidth for RSSI measurement: e.g. when the configured bandwidth is larger than LBT bandwidth, RSSI measurement per LBT sub-band might be beneficial since interference level or traffic load could be different for each LBT bandwidth.

· Per-beam or average RSSI measurement report: e.g. Per-beam RSSI might be needed for proper beam selection by gNodeB scheduler.

Proposal #12: Design resource configuration and reporting scheme according to the objectives of RSSI measurement. (e.g. time resource and measurement bandwidth for RSSI measurement, measurement report unit in multiple receiving beam)

· RLM operation in NR-U

· Basic RLM operation in NR-U
In NR system, hypothetical PDCCH BLER is defined as measurement metric and SS/PBCH and/or CSI-RS could be configured as the reference signals for radio link monitoring. In multi-beam/-TRP scenario of NR system, the configured resources of SS/PBCH block and/or CSI-RS correspond to the candidate PDCCH beams, not the serving PDCCH beam. The periodic IS/OOS is determined based on the channel quality of all the configured RLM-RS resources. Assuming that NR-U adopts similar RS structure and beam management process, same RLM procedure could be used for NR-U system.
Proposal #13: RLM measurement/procedure in NR-U basically follows RLM measurement/ procedure for NR licensed band.

· LBT operation for RLM-RS
However, unlike NR system in licensed band, reference signals in NR-U could be dropped by LBT, and channel quality over (not-transmitted) RLM-RS might not be measured by UE regardless of good channel quality from serving cell. Based on the understanding, it was agreed in last meeting that SSB within DRS transmission window is used for RLM in order to provide multiple transmission position. For CSI-RS based RLM, the deferred transmission of CSI-RS needs to be applied in order to transmit as periodically as possible. 
In addition, CSI-RS could be transmitted with wide transmission bandwidth in order to measure radio link quality over the whole system bandwidth, where the transmission bandwidth of CSI-RS might be wider than the bandwidth for LBT. This may lead to more frequent LBT failure and interrupt periodic indication of IS/OOS. Therefore, we need to study how to transmit CSI-RS for RLM as periodically as possible regardless of LBT failure, especially in case that the CSI-RS transmission bandwidth is wider than bandwidth for LBT.

Proposal #14: Support deferred transmission of CSI-RS (for RLM) for providing periodic transmission of RLM-RS

Proposal #15: It is necessary to support CSI-RS transmission scheme for RLM which keeps the periodicity as long as possible regardless of LBT failure, especially considering when the CSI-RS transmission bandwidth is wider than bandwidth for LBT.

· Additional RLF condition
In addition, in case of high traffic load from other operator’s system or other RAT, UE could not transmit traffic burst within in the pre-defined duration due to LBT. That is, UE could not communicate with serving cell, similar to OOS condition from poor channel quality. Therefore, it might be beneficial that UE camps on other frequency band in case of too high traffic load in a frequency layer, which could be thought of as an additional RLF condition. For similar operation in downlink in addition to uplink transmission, UE needs to blindly detect the deferred transmission or LBT failure of periodic signal like DRS. However, the blind detection might not guarantee the good detection performance, and it might be helpful that network provides additional information on DRS transmission (e.g. DRS transmission count, LBT failure indication of DRS, etc). Given the LBT statistics, it could be determined whether UE will continue to stay at the frequency layer or the serving cells. 
As described above, additional operation other than normal RLM operation could be studied such that UE changes camping frequency or cell based on traffic load in a frequency layer, and we need to define additional RLF condition reflecting proper UE operation in high traffic load scenario.

Proposal #16: Define additional RLF condition reflecting proper UE operation in high traffic load scenario.

6. Conclusion
In this contribution, we provided our views on SS/PBCH transmission, RACH procedure, RRM measurement, and mobility support for NR unlicensed operation, and observation and proposals are as follows.
Observation#1: Based on which functionality (e.g., cell acquisition, RRM measurement, RLM, time/frequency synchronization, SI transmission, paging) is facilitated by NR-U DRS, following design aspects need to be differently considered.

· Periodicity for NR-U DRS
· Which signal/channel is multiplexed with NR-U DRS
· Whether deferred transmission for NR-U DRS is supported or not

Proposal #1: Reducing the allowed maximum number (e.g., 2 for 15 kHz SCS and 4 for 30 kHz SCS) of SS/PBCH blocks in NR-U DRS has the benefit for facilitating fast channel access procedure (e.g., one-shot LBT) for NR-U DRS transmission.

Proposal #2: Consider the following options for SS/PBCH transmissions as part of DRS.

· Option 1: Floating SSB
·   SSBs are transmitted in turn from one of occasions with T1 periodicity.
· Option 2: Cyclically rotated SSB

·  The location for each SSB is predefined with cyclically rotated manner and the periodicity (denoted as T2) between the same SSBs is fixed within DRS transmission window.
·  CAP-failed SSB transmission is skipped and SSB transmission starts from the instance of CAP success.

Proposal #3: Consider the following two options on how to derive frame timing from detected SS/PBCH block.

· Alt. 1: UE derives SS/PBCH timing within a radio frame only from PBCH DM-RS sequence index.

· Alt. 2: UE derives SS/PBCH timing within a radio frame from the combination of PBCH DM-RS sequence index and MIB.
Proposal #4: Consider the following approaches for synchronization raster on unlicensed band.

· Approach 1: As in Rel-15 NR

· Approach 2: Sparser than synchronization raster in Rel-15 NR

· Approach 3: As in Rel-13 LTE LAA

Proposal #5: Consider the following enhancements for paging message transmission.

· More PDCCH monitoring occasions within a paging occasion are provided due to reduced transmission opportunities for paging due to LBT failure

· Compacted paging transmission in time domain by concatenating/multiplexing paging messages corresponding to multiple groups

· Multiplexing paging message and NR-U DRS to enhance the reliability of paging message reception

Proposal #6: Consider the followings for PRACH preamble format in NR-U.

· Insertion of CCA gap between adjacent RACH occasions (ROs) in time domain 

·  FFS on duration of the CCA gap (e.g. X usec or Y symbol)

· Addition of GP (Guard Period) after preamble part in PRACH format 

·  Length of the GP is the same with CP length

Proposal #7: Consider the followings for SSB-to-RO mapping in NR-U.

· RO group wise SSB-to-RO mapping by frequency first-time second manner

·  A RO group consists of multiple (N) consecutive ROs in time

·  FFS on the value of N (e.g. predefined or configurable)

· Interleaved SSB based RO mapping across certain time (e.g. RACH association) period

Proposal #8: Consider the followings for RO (its associated SSB) selection in NR-U.

· Among multiple different SSBs:

·  RO selection for LBT operation based on the RSRP value (of SSB) 

·  RO selection for PRACH transmission based on the LBT result (on RO)

· Among multiple T-domain ROs associated with a (selected) same SSB:

·  Random selection of RO per certain time period (in case of LBT failure)

·  FFS on the period for the RO selection (e.g. RACH slot or association period)

Proposal #9: How to indicate beam index of SSBs within DMTC should be determined considering UE complexity for RRM measurement. 

Proposal #10: DMTC for neighbour cell (RRM) measurement is configured to contain a subset of DRS transmission window, and no additional configuration of DMTC is provided for RLM (i.e., DMTC for RLM is same with DRS transmission window)

Proposal #11: Consider UE complexity as well as periodic transmission property when designing resource configuration of RRM CSI-RS in NR-U. (e.g. CSI-RS for RRM measurement is transmitted together with SSB in NR-U DRS. Configuration of the resource set (multiple time resources) for the deferred transmission of CSI-RS for RRM)

Proposal #12: Design resource configuration and reporting scheme according to the objectives of RSSI measurement. (e.g. time resource and measurement bandwidth for RSSI measurement, measurement report unit in multiple receiving beam)

Proposal #13: RLM measurement/procedure in NR-U basically follows RLM measurement/ procedure for NR licensed band.

Proposal #14: Support deferred transmission of CSI-RS (for RLM) for providing periodic transmission of RLM-RS

Proposal #15: It is necessary to support CSI-RS transmission scheme for RLM which keeps the periodicity as long as possible regardless of LBT failure, especially considering when the CSI-RS transmission bandwidth is wider than bandwidth for LBT.

Proposal #16: Define additional RLF condition reflecting proper UE operation in high traffic load scenario.

7. Reference

[1] RAN1#94 chairman’s note
[2] TS 36.104, v13.12.0
[3] TS 38.104, v15.3.0
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